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FDOFXODWHGXVLQJWKHHODVWLFPHWKRG)RUSDUWLDOO\DQFKRUHGZDOOVQRVXFKWKHRUHWLFDOH[SUHVVLRQVH[LVWEXWLWLVUHFRPPHQGHGWR
XVHWKHHODVWLFPHWKRGDOVRIRUWKHVHFDVHV
,QWURGXFWLRQ
,QWKLVSDUWWKHEDVLFSULQFLSOHVIRUWKHGHVLJQRIVKHDWKHGWLPEHUIUDPHZDOOVXVLQJWKHSODVWLFGHVLJQPHWKRGDUH
GHVFULEHG:KDWUHTXLUHPHQWVWKDWPXVWEHVHWRQWKHSURSHUWLHVRIWKHVKHDWKLQJWRIUDPLQJMRLQWVLQWHUPVRIGXFWLOLW\
DUHVSHFLILHGLQRUGHUIRUWKHSODVWLFPHWKRGWREHDSSOLFDEOH7KHWZRGLIIHUHQWPDLQSULQFLSOHVIRUDQFKRULQJVKHDWKHG
WLPEHUIUDPHZDOOVIXOO\DQGSDUWLDOO\DQFKRUHGDUHLOOXVWUDWHGEDVHGRQWKHVWDWLFEHKDYLRXURIWKHZDOOV$OVRDEULHI
GLVFXVVLRQRQEULWWOHIDLOXUHVDQGKRZWRDYRLGWKHPDUHJLYHQ,QDGGLWLRQWRWKHVHSULQFLSOHVIRUWKHGHVLJQLQWKH
XOWLPDWHOLPLWVWDWHWKHGHVLJQRIVKHDWKHGWLPEHUIUDPHZDOOVLQWKHVHUYLFHDELOLW\OLPLWVWDWHLVGHVFULEHG)RUVPDOO
EXLOGLQJVWKHUHLVQRUPDOO\QRQHHGWRGHVLJQLQWKHVHUYLFHDELOLW\OLPLWVWDWHZLWKUHVSHFWWRWKHKRUL]RQWDOORDGIURP
ZLQG)RUPHGLXPULVHDQGWDOOHUEXLOGLQJVRQWKHRWKHUKDQGWKHVHUYLFHDELOLW\OLPLWVWDWHPXVWEHREVHUYHG
*HQHUDOLQIRUPDWLRQRQSODVWLFGHVLJQDQGGHVLJQDVVXPSWLRQV
2.1. Properties of sheathing-to-framing joints 
,QVKHDWKHGWLPEHUIUDPHZDOOVQDLOVRUVFUHZVDUHXVXDOO\XVHGWRDWWDFKWKHSDQHOWRWKHIUDPLQJ7KHVHMRLQWVDUH
QRUPDOO\FKDUDFWHULVHGE\DUHODWLYHO\KLJKOHYHORIVWLIIQHVVIRUVPDOOORDGVZKLOHVKRZLQJIRUKLJKHUORDGVLQFUHDVLQJ
GXFWLOLW\)LJXUHDVKRZVDQH[DPSOHRIVRPHW\SLFDOO\PHDVXUHGORDGGLVSODFHPHQWFXUYHVZLWKKLJKO\QRQOLQHDU
FKDUDFWHULVWLFV$VORQJDVWKHGLVSODFHPHQWVLQWKHMRLQWDUHPRGHUDWHLWPD\EHUHDVRQDEOHWRGHVFULEHWKHUHODWLRQVKLS
EHWZHHQIRUFHDQGGLVSODFHPHQWDVDOLQHDUHODVWLFRQH7KLVQRUPDOO\FRUUHVSRQGVWRWKHGLVSODFHPHQWVWKDWRFFXULQ
DZDOOLQWKHVHUYLFHDELOLW\OLPLWVWDWH:KHQWKHGLVSODFHPHQWVLQWKHMRLQWVEHFRPHODUJHRQWKHRWKHUKDQGLWLVEHWWHU
WRGHVFULEHWKHEHKDYLRXUDVSODVWLF7KLVEHKDYLRXUFRUUHVSRQGVLQSUDFWLFHWRWKHZDOOEHLQJLQWKHXOWLPDWHOLPLWVWDWH
$JRRGDSSUR[LPDWLRQRIWKHPHDVXUHGUHODWLRQVKLSVPD\EHWRXVHDQHODVWRSODVWLFPRGHODFFRUGLQJWR)LJXUHE
7KHVHOHFWHGGHVLJQPHWKRGSUHVHQWHG LQ WKHKDQGERRN LVEDVHGRQ WKHDVVXPSWLRQ WKDW WKH IRUFHGLVSODFHPHQW
UHODWLRQVKLSVRIWKHVKHDWKLQJWRIUDPLQJMRLQWVVKRZLGHDOSODVWLFFKDUDFWHULVWLFVDFFRUGLQJWR)LJXUHF



 
D E F
)LJD0HDVXUHGORDGGLVSODFHPHQWUHODWLRQVKLSVIRUVKHDWKLQJWRIUDPLQJMRLQWVE(ODVWRSODVWLFPRGHOF,GHDOO\SODVWLFPRGHO
:KHQGHVLJQLQJWKHVKHDUZDOOVDVRFDOOHGSODVWLFORZHUERXQGPHWKRGLVXVHG7KHIXQGDPHQWDODVVXPSWLRQVLQ
RUGHUWREHDEOHWRDSSO\WKLVPHWKRGDUHILUVWWKDWWKHVWDWLFHTXLOLEULXPIRUWKHVWUXFWXUHPXVWEHIXOILOOHGDQGVHFRQGO\
WKDWWKHVKHDWKLQJWRIUDPLQJMRLQWVVKRZSODVWLFFKDUDFWHULVWLFVZLWKVXIILFLHQWO\KLJKGXFWLOLW\EHIRUHWKHFDSDFLW\RI
WKHMRLQWVEHJLQVWRGHFUHDVHVLJQLILFDQWO\:KDWUHTXLUHPHQWVVKRXOGEHVHWRQWKHPHFKDQLFDOSURSHUWLHVRIWKHMRLQWV
LQRUGHUIRUWKHSODVWLFGHVLJQPHWKRGWREHDSSOLFDEOHZLOOEHIXUWKHUGLVFXVVHGLQVHFWLRQDQGLQVHFWLRQLQ3DUW
([DPSOHVRIDFFHSWDEOHVKHDWKLQJWRIUDPLQJMRLQWVDUHSUHVHQWHGLQVHFWLRQLQ3DUW
2.2. Influence of wall panel anchoring on structural behaviour 
%HIRUHGHVFULELQJWKHGHVLJQPHWKRGLWLVVXLWDEOHWRILUVWGLVFXVVWKHEHKDYLRXURIVKHDWKHGWLPEHUIUDPHZDOOV
ORDGHGLQVKHDUEDVHGRQWKHWZRH[WUHPHFDVHVLQ)LJXUH,Q)LJXUHELWLVDVVXPHGWKDWWKHOHDGLQJVWXGLQWKHZDOO
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LVIXOO\DQFKRUHGDJDLQVWXSOLIWZKLOHLWLVDVVXPHGLQ)LJXUHFWKDWRQO\WKHERWWRPUDLOLVDQFKRUHGDJDLQVWXSOLIW
6LQFHWKHZLQGFDQDOVRDFWLQWKHRSSRVLWHGLUHFWLRQLWLVDVVXPHGLQ)LJXUHEWKDWWKHWUDLOLQJVWXGLVDOVRDQFKRUHG
DJDLQVWXSOLIW

D E F
)LJD+RUL]RQWDOO\ORDGHGZDOOSDQHOFRPSRVHGRIIRXUVKHHWVRQDWLPEHUIUDPHE/HDGLQJDQGWUDLOLQJVWXGVIXOO\DQFKRUHGDJDLQVWXSOLIW
F%RWWRPUDLODQFKRUHGDJDLQVWXSOLIW
&RQVLGHUWKHZDOOLQ)LJXUHFRPSULVLQJRIIRXUSDQHOVRQDWLPEHUIUDPHZRUN7KHVKHDWKLQJWRIUDPLQJMRLQWV
DUHDVVXPHGWREHDWWDFKHGZLWKWKHVDPHFHQWUHGLVWDQFHDORQJWKHHGJHVRIDOOSDQHOV7KHOHDGLQJVWXGLVDVVXPHG
WREHIXOO\DQFKRUHGWRWKHIRXQGDWLRQLQWKHVDPHPDQQHUDVWKHZDOOLQ)LJXUHE7KHVWUXFWXUDOEHKDYLRXURIWKH
ZDOOZKHQVXEMHFWHGWRDKRUL]RQWDOIRUFHHFDQEHLOOXVWUDWHGE\VWXG\LQJWKHLQQHUIRUFHHTXLOLEULXPRIWKHIUDPHZRUN
)LJXUHEDQGWKHSDQHOV)LJXUHF




D E F
)LJ$VVXPHGIRUFHGLVWULEXWLRQZKHQWKHOHDGLQJVWXGLVIXOO\DQFKRUHGDJDLQVWXSOLIW
:LWKWKHDVVXPHGORDGGLVWULEXWLRQHTXLYDOHQWWRDSXUHVKHDUIORZLQWKHSDQHOVWKHHTXLOLEULXPFRQGLWLRQVIRUDOO
SDUWVLQFOXGHGLQWKHZDOODUHVDWLVILHG,I WKHQRWDWLRQVFSIRUWKHSODVWLFFDSDFLW\RIWKHIDVWHQHUVDQGsIRUFHQWUH
GLVWDQFHEHWZHHQWKHIDVWHQHUVDUHLQWURGXFHGWKHSODVWLFVKHDUIORZfSIRUFHSHUXQLWOHQJWKFDQEHH[SUHVVHGDV
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7KHFDSDFLW\RIWKHZDOODJDLQVWWKHKRUL]RQWDOORDGHLVUHDFKHGE\PXOWLSO\LQJWKHVKHDUIORZfSE\WKHOHQJWKRI
WKHZDOOlLH
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
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$OWHUQDWLYHO\WKHFRQGLWLRQFRXOGEHIRUPXODWHGVRWKDWWKHRYHUWXUQLQJPRPHQWHhDFWLQJRQWKHZDOOSDQHOPXVW
EHHTXDOWRWKHVWDELOLVLQJPRPHQWRl
7KHFKRVHQORDGGLVWULEXWLRQLQ)LJXUHUHTXLUHVRQHFRPPHQW$OOIRUFHVLQWKHVKHDWKLQJWRIUDPLQJMRLQWVDUH
DVVXPHGWREHRULHQWHGDORQJWKHHGJHVRIWKHSDQHOV2QHUHDVRQIRUWKLVDVVXPSWLRQLVWKDWWKHGLVWDQFHRIWKHMRLQWV
WRWKHHGJHVRIWKHSDQHODQGWKHWLPEHULVRIWHQIRUPDOO\WRRVPDOODORQJWKHYHUWLFDOVWXGVIRUWKHVHWREHDEOHWR
DVVXPHIRUFHFRPSRQHQWVWKDWDFWSHUSHQGLFXODUWRWKHHGJHVZKHQXVLQJDPPWLPEHUPHPEHU$QRWKHUUHDVRQLV
WKDWWKHVWXGWRUDLOMRLQWVPXVWEHDEOHWRWUDQVIHUVLJQLILFDQWVKHDUIRUFHV
&RQVLGHUWKHVKHDUZDOOLQILJXUHFZKHUHRQO\WKHERWWRPUDLOLVDQFKRUHGWRWKHVXEVWUDWH8QOLNHWKHFDVHZLWK
DIXOO\DQFKRUHGOHDGLQJVWXGZKHUHWKHDQFKRULQJIRUFHZDVWUDQVIHUUHGDWWKHHGJHRIWKHZDOOSDQHOWKHDQFKRULQJ
IRUFHPXVWQRZVXFFHVVLYHO\EHEXLOWXSE\DOORZLQJWKDWWKHYHUWLFDOIRUFHFRPSRQHQWVFDQEHWUDQVIHUUHGEHWZHHQ
WKHVKHDWKLQJVLQWKHZDOODQGWKHDQFKRUHGERWWRPUDLO7KHSULQFLSOHGLIIHUHQFHLVLOOXVWUDWHGLQ)LJXUH,QRUGHUIRU
VXFKDIRUFHWUDQVIHUWREHSRVVLEOHLWLVDVVXPHGWKDWWKHHGJHGLVWDQFHRIWKHMRLQWVLQWKHERWWRPUDLOLVODUJHUWKDQLQ
WKHYHUWLFDOVWXGV7KLVPHDQVWKDWWKHSDQHOVVKRXOGFRYHUWKHHQWLUHERWWRPUDLODQGEHIDVWHQHGLQLWVFHQWUH$PRUH
GHWDLOHGILJXUHRIWKHDVVXPHGLQWHULRUORDGGLVWULEXWLRQLVIRXQGLQ3DUW

)LJ$VVXPHGGLVWULEXWLRQRIIRUFHVZKHQRQO\WKHERWWRPUDLOLVDQFKRUHGDJDLQVWXSOLIW7KHVKHDUIORZfLVOHVVWKDQfSVHHIXUWKHU3DUW
2.3. Alternative plastic design methods 
,Q WKH KDQGERRN ERWK JHQHUDO DQG VLPSOLILHG PHWKRGV IRU SODVWLF GHVLJQ RI VKHDWKHG WLPEHU IUDPH ZDOOV DUH
SUHVHQWHG
 D$JHQHUDOPHWKRGEDVHGRQWKHIDFWWKDWDQDUELWUDU\GLVWULEXWLRQRIYHUWLFDOSRLQWORDGVFDQEHDGGUHVVHG,Q
SULQFLSOHWKLVPHWKRGFDQDOZD\VEHXVHG&DOFXODWLRQDVVXPSWLRQVDQGGHULYDWLRQRIEDVLFHTXDWLRQVDUHSUHVHQWHG
LQEULHILQWKHUHIHUHQFHV>@
 E,Q3DUWWKHHODVWLFPHWKRGLVVXPPDULVHGIRUFRPSDULVRQUHDVRQVDQGDOWHUQDWLYHSODVWLFPHWKRGVIRUGHVLJQ
RI VKHDWKHG WLPEHU IUDPHVKHDUZDOOVDUHSUHVHQWHGEULHIO\)RU IXOO\DQFKRUHGZDOOV WKHHODVWLFPHWKRGDQGD
FRUUHVSRQGLQJ SODVWLF PHWKRG DUH SUHVHQWHG )RU SDUWLDOO\ DQFKRUHG ZDOOV WKUHH GLIIHUHQW SODVWLF PHWKRGV DUH
SUHVHQWHG ZKHQ WKH LQIOXHQFH RI FRQWDFW IRUFHV EHWZHHQ DGMDFHQW VKHHWV DUH QRW FRQVLGHUHG ZKHQ WKH
LQIOXHQFHRIFRQWDFWIRUFHVEHWZHHQWKHDGMDFHQWVKHHWVDUHFRQVLGHUHGDQGZKHQWKHLQIOXHQFHRIFRQWDFWIRUFHV
EHWZHHQDGMDFHQWVKHHWVDQGWKHVKHDUIRUFHVLQWKHVWXGWRUDLOMRLQWVDUHWDNHQLQWRDFFRXQW
 D$VLPSOLILHGPHWKRGEDVHGRQWKHIDFWWKDWRQO\WKHPRVWLPSRUWDQWYHUWLFDOORDGVDUHFRQVLGHUHG7KLVPHWKRG
LVEDVHGRQWKHDVVXPSWLRQWKDWWKHHQWLUHOHQJWKRIWKHZDOOLVHIIHFWLYHIRUVKHDUIRUFHWUDQVIHULQRUGHUWRWKHQEH
UHGXFHGIRULQFRPSOHWHDQFKRULQJDQGRSHQLQJV
 E7KHVLPSOLILHGPHWKRGDOZD\VJLYHVDORDGEHDULQJFDSDFLW\ORZHUWKDQRUHTXDOWRWKHORDGEHDULQJFDSDFLW\
DFKLHYHGE\DSSO\LQJWKHJHQHUDOPHWKRG1RUPDOO\WKHGLIIHUHQFHLQORDGEHDULQJFDSDFLW\LVUHODWLYHO\VPDOO,WLV
LQSULQFLSOHRQO\ZKHQVLQJOHODUJHYHUWLFDOSRLQWORDGVRFFXUEHWZHHQZDOORSHQLQJVWKDWDQ\QRWHZRUWK\GLIIHUHQFH
EHWZHHQWKHPHWKRGVDULVHV7KHVLPSOLILHGPHWKRGZLOOQRWEHSUHVHQWHGKHUHLQWKLVVHULHVRISDSHUVUHJDUGLQJDQ
LQWURGXFWLRQWRWKHKDQGERRN
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2.4. Brittle failure 
%ULWWOHW\SHVRIIDLOXUHPXVWEHJHQHUDOO\DYRLGHGIRUWKHSODVWLFGHVLJQPHWKRG$VDOUHDG\SRLQWHGRXWLQVHFWLRQ
LWLVLPSRUWDQWWKDWWKHIRUFHGLVSODFHPHQWUHODWLRQVKLSRIWKHVKHDWKLQJWRIUDPLQJMRLQWVVKRZVXIILFLHQWO\KLJK
GXFWLOLW\EHIRUHWKHORDGEHDULQJFDSDFLW\GHFUHDVHVVLJQLILFDQWO\%ULWWOHIDLOXUHPRGHVPD\RFFXUIRUH[DPSOHLQ
VFUHZHGMRLQWVRUVHYHUHO\FROGSURFHVVHGQDLOHGMRLQWVZKHUHWKHIDVWHQHUVDUHVKHDUHGRUEHQWRIILQWKHLQWHUOD\HU
EHWZHHQWKHSDQHODQGWKHWLPEHUPHPEHU,QFHUWDLQW\SHVRIQDLOHGMRLQWVZLWKODUJHZLWKGUDZDOFDSDFLW\WKHUHLVD
ULVNWKDWWKHQDLOVDUHQRWZLWKGUDZQRXWRIWKHWLPEHUEXWUDWKHUWKDWWKHQDLOKHDGLVSXOOHGWKURXJKWKHSDQHOPDWHULDO
SXQFKLQJIDLOXUH6LQFHWKHVHQDLOHGMRLQWVRIWHQVKRZOLPLWHGGXFWLOLW\LWLVVXLWDEOHWRXVHDQDLOOHQJWKWKDWFDXVHV
WKHIDVWHQHUWREHZLWKGUDZQIURPWKHWLPEHUDQFKRULQJIDLOXUH7KHQDLOOHQJWKVUHFRPPHQGHGLQVHFWLRQLQ3DUW
DUHVHOHFWHGRQWKHEDVLVRIWKHIDFWWKDWDQFKRULQJIDLOXUHZLOOEHWKHGRPLQDQWPRGHRIIDLOXUH,WLVGLIILFXOWWR
FRPSOHWHO\DYRLGSXQFKLQJIDLOXUHVLQFHWKHUHLVDOZD\VWKHULVNWKDWKLJKGHQVLW\WLPEHULVXVHGLQWKHMRLQWV
(XURFRGHFDQEHDSSOLHGIRUGHVLJQRIMRLQWVRWKHUWKDQWKRVHUHFRPPHQGHGLQVHFWLRQLQ3DUW,QRUGHUWREH
DEOH WR DSSO\ WKH SODVWLF PHWKRG LW VKRXOG EH HQVXUHG WKDW WKH VKHDWKLQJWRIUDPLQJ MRLQWV KDYH GXFWLOH IRUFH
GLVSODFHPHQWUHODWLRQVKLSV1RWHWKDWDGHVLJQRIWKHMRLQWVDFFRUGLQJWR(XURFRGHGRHVQRWJXDUDQWHHWKLVGXFWLOLW\
,I WKHMRLQWVDUHORFDWHGQHDUWKHHGJHVRIWKHIUDPLQJPHPEHUVRUWKHSDQHOV WKHUHLVDULVNIRUVSOLWWLQJRIWKH
WLPEHUPHPEHURUSXQFKIDLOXUHRUWHDULQJDWWKHHGJHVRIWKHSDQHOV7KHVHW\SHVRIIDLOXUHVDUHRIEULWWOHQDWXUHDQG
PXVWEHDYRLGHG)RUWKHIDVWHQHUVUHFRPPHQGHGLQVHFWLRQLQ3DUWWKHUHTXLUHPHQWVLQ(XURFRGHDUHIXOILOOHG
ZLWKUHVSHFWWRHGJHGLVWDQFHVIRUWKHSDQHOVDQGWKHWLPEHUPHPEHUV
$QRWKHUW\SHRIEULWWOHIDLOXUHWKDWPD\RFFXULQFRQMXQFWLRQZLWKVKHDWKHGWLPEHUIUDPHZDOOVLVZKHQWKHERWWRP
UDLOLVDQFKRUHGDJDLQVWXSOLIWZLWKDQFKRUEROWVLQWKHIORRUVWUXFWXUHRUIRXQGDWLRQVODE,IWKHERWWRPUDLOLVORDGHG
ZLWKGLVWULEXWHGXSOLIWLQJIRUFHVIURPWKHSDQHOVDVSOLWWLQJIDLOXUHPD\RFFXULQWKHERWWRPUDLOGXHWRFURVVZLVH
EHQGLQJDQGVKHDUIRUFHVLQWKHERWWRPUDLO7KHULVNRIVSOLWWLQJIDLOXUHFDQEHUHGXFHGE\XVLQJORDGGLVWULEXWLQJ
ZDVKHUV,QVHFWLRQLQ3DUWOLPLWDWLRQVRQWKHVL]HRIWKHGLVWULEXWHGXSOLIWLQJIRUFHZLWKUHVSHFWWRVSOLWWLQJIDLOXUH
LVSUHVHQWHG
+RUL]RQWDOGLVSODFHPHQWVLQWKHVHUYLFHDELOLW\OLPLWVWDWH
,QWKHSUHYLRXVVHFWLRQVWKHXOWLPDWHOLPLWVWDWHKDVRQO\EHHQGHDOWZLWK7KLVVHFWLRQWKHUHIRUHSURYLGHVDQRXWOLQH
RIGHVLJQLQJLQWKHVHUYLFHDELOLW\OLPLWVWDWH)RURQHRUWZRIDPLO\KRXVHVLWLVQRUPDOO\QRWQHHGHGWRGHVLJQLQWKH
VHUYLFHDELOLW\ OLPLW VWDWH ZLWK UHVSHFW WR KRUL]RQWDO ORDG IURP ZLQG )RU WDOOHU EXLOGLQJV RQ WKH RWKHU KDQG WKH
VHUYLFHDELOLW\OLPLWVWDWHPXVWEHREVHUYHG
3.1. Deformation limitations 
7KHUHDUHQRGLUHFWGHIRUPDWLRQFULWHULDJLYHQLQWRGD\
V6ZHGLVKVWDQGDUGV7KHEXLOGHUPXVWSHUVRQDOO\PDNHD
UHDVRQDEOHDVVHVVPHQWLQWKHUHOHYDQWFDVH
([LVWLQJ NQRZOHGJH LV LQVXIILFLHQW IRU D QXDQFHG IRUPXODWLRQ RI UHTXLUHPHQWV RQ GHIRUPDWLRQ OLPLWDWLRQV $
SUHYLRXVYHUVLRQRI(XURFRGHSDUWIURPJDYHWKHGHIRUPDWLRQOLPLWIRUZDOOSDQHOVRIXd hZKHUHh
LQGLFDWHV DFWXDO KHLJKW IRU GHIOHFWLRQ LQ WKH SODQH RI WKH SDQHO 7KH *HUPDQ ',1 VWDQGDUG >@ JLYHV D PRUH
FRQVHUYDWLYHYDOXHXd h
)RUWKHVDNHRILQIRUPDWLRQLWFDQDOVREHPHQWLRQHGWKDWWKH6ZHGLVKFRGH6%1>@VWDWHGFHUWDLQGHIRUPDWLRQ
DQGLQFOLQDWLRQOLPLWVIRUEXLOGLQJVLQWKHVHUYLFHDELOLW\OLPLWVWDWHEXWDFFRUGLQJWRWKHROGFDOFXODWLRQV\VWHPIRU
ORDGVLHSULRUWRDSSOLFDWLRQRIWKHSDUWLDOFRHIILFLHQWPHWKRG$FFRUGLQJWR6%1DEXLOGLQJVHFWLRQPXVWKDYH
VXFKVWLIIQHVVWKDWGLVSODFHPHQWVRIWKHEXLOGLQJRULWVSDUWVGXULQJWKHLQWHQGHGXVHGRQRWKDYHDGHWULPHQWDOHIIHFW
RQWKHIXQFWLRQRIWKHEXLOGLQJRULWVSDUWVGDPDJHRWKHUEXLOGLQJSDUWVRUUHVXOWLQGLVFRPIRUW
7KHFKDQJHLQLQFOLQDWLRQRIWKHIUDPLQJOLQHVRIWKHEXLOGLQJLVOLPLWHGLIODWHUDOGHIOHFWLRQFDQUHVXOWLQGDPDJHWR
ZDOOVDQGVHFRQGDU\VWUXFWXUDOSDUWV:LWKRXWVSHFLDOLQYHVWLJDWLRQDVWRZKDWGDPDJHFDQEHDFFHSWHGDFKDQJHLQ
WLOWLQJRIQRJUHDWHUWKDQRUhZKHUHhLQGLFDWHVDFWXDOKHLJKW>@
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,IWKHUHLVQRULVNRIWKHVDLGGDPDJHVSUHVHQWWKHFKDQJHVRILQFOLQDWLRQRIWKHIUDPLQJOLQHVDUHOLPLWHGLQDQ\
FDVHVRWKDWODUJHLQFOLQDWLRQVGRQRWUHVXOWLQLQFRQYHQLHQFHVIRUEXLOGLQJRFFXSDQWV:LWKRXWVSHFLDOLQYHVWLJDWLRQDV
WRZKDWLQFRQYHQLHQFHVFDQEHDFFHSWHGGHYLDWLRQLQKRUL]RQWDODQGYHUWLFDOIUDPLQJOLQHVXSWRRUhFDQ
EHDSSURYHG>@
,IWKHFRQVHUYDWLYHYDOXHhLVDSSOLHGWKHWRWDOKRUL]RQWDOGHIRUPDWLRQRYHUWKHHQWLUHKHLJKWRIWKHEXLOGLQJhWRW
LQ WKHPRVWKHDYLO\ ORDGHGZDOO OLQH VKRXOGDWPRVWDPRXQW WRhWRW 7KHVDPH UHTXLUHPHQWV VKRXOGEHVHWRQ
KRUL]RQWDOGHIRUPDWLRQIRUHDFKLQGLYLGXDOIORRUOHYHOLQRUGHUWRDYRLGORZVWLIIQHVVRIWKHLQGLYLGXDOIORRUOHYHOLH
WKHWRWDOKRUL]RQWDOGHIRUPDWLRQRIWKHIUDPHZRUNLQDZDOOLQLWVRZQSODQHLQWKHVHUYLFHDELOLW\OLPLWVWDWHVKRXOGEH
hZKHUHhLVWKHZDOOKHLJKW
,Q WDOOEXLOGLQJV WKHUH LV ULVNRIYLEUDWLRQVGXH WRSXOVDWLQJZLQG ORDG6XFKFRQGLWLRQVDUHQRWDGGUHVVHGKHUH
+RZHYHULWVKRXOGEHQRWHGWKDWGHYLFHVIRUKRUL]RQWDOVWDELOLVDWLRQVXFKDVDQFKRULQJEDUVVKRXOGEHZHOOWHQVLRQHG
RUWLJKWHQHGVRWKDWVHWWOHPHQWVLQDQGGU\LQJRIWKHWLPEHUGRQRWOHDGWR³VODFN´MRLQWV,QJHQHUDORQHVKRXOGPDNH
VXUHWKDWLWLVSRVVLEOHWRSRVWWHQVLRQVXFKGHYLFHVRUWRXVHVSULQJPRXQWHGGHYLFHV
3.2. Assumptions for calculation 
'HIOHFWLRQVRIDZDOOLQWKHVHUYLFHDELOLW\OLPLWVWDWHDUHFDOFXODWHGXQGHUWKHDVVXPSWLRQRIOLQHDUHODVWLFEHKDYLRXU
LQWKHVKHDWKLQJWRIUDPLQJMRLQWV6KHDUGHIRUPDWLRQVLQWKHZDOOGXHWRWKHKRUL]RQWDOORDGLQJDUHQRUPDOO\FDOFXODWHG
RQWKHDVVXPSWLRQRIULJLGIUDPLQJPHPEHUVDQGSDQHOVZKLFKPHDQVWKDWDOOGHIRUPDWLRQVWDNHSODFHLQWKHMRLQWV
6RPHWLPHVKRZHYHU LW LVDVVXPHGWKDWFHUWDLQ WLPEHUFRPSRQHQWVVXFKDV WKH WRSUDLOGRQRWKDYHDQ\EHQGLQJ
VWLIIQHVV7KHLQIOXHQFHRIWKHVKHDUVWLIIQHVVRIWKHSDQHOLVVRPHWLPHVFRQVLGHUHG
9DULRXVW\SHVRILPSHUIHFWLRQVGRRFFXULQSUDFWLFH)RUH[DPSOHJDSVPD\RFFXUEHWZHHQYHUWLFDODQGKRUL]RQWDO
IUDPLQJPHPEHUVDWWKHMXQFWLRQVLQFRQQHFWLRQZLWKSUHIDEULFDWLRQRIWKHVKHDWKHGWLPEHUIUDPHVKHDUZDOORUGXHWR
GU\LQJDQGVKULQNDJHRIWKHWLPEHU7KLVLVSDUWLFXODUO\GHWULPHQWDOLILWRFFXUVDWWKHWUDLOLQJVWXG6XFKJDSVFDQFDXVH
VLJQLILFDQWDGGLWLRQDOKRUL]RQWDOGHIRUPDWLRQVXSRQKRUL]RQWDOORDGDSSOLFDWLRQ>@$IWHUWKHJDSKDVEHHQFORVHG
LQFUHDVHGGHIRUPDWLRQVWDNHSODFHGXHWRWKHGHIRUPDWLRQVLQWKHVKHDWKLQJWRIUDPLQJMRLQWV2QWKHRWKHUKDQGVXFK
JDSVFDQEHFORVHG LQFRQMXQFWLRQZLWK WKHFRQVWUXFWLRQRI WKHEXLOGLQJVZKHUHSHUPDQHQW ORDGVDUHDSSOLHGIURP
DERYH
8QLQWHQWLRQDOXSOLIWRIWKHOHDGLQJVWXGUHVXOWVLQDFRUUHVSRQGLQJDGGLWLRQDOGHIRUPDWLRQ,IIRUH[DPSOHWKHUHLV
DJDSEHIRUHDQ\DQFKRULQJGHYLFHLVPRXQWHGDQGWKHZDOOODWHUVHWWOHVLQFRQMXQFWLRQZLWKWKHFRQVWUXFWLRQRIWKH
EXLOGLQJ WKLV FDQ FDXVH D ³JDS´ LQ WKH DQFKRULQJ DV WKH OHDGLQJ VWXG LV VXEMHFW WR XSOLIW XSRQ DSSOLFDWLRQ RI WKH
KRUL]RQWDOORDG
,QFRPSDULVRQVEHWZHHQDFFXUDWH WKHRUHWLFDOFDOFXODWLRQVDQGH[SHULPHQWVZLWK WLPEHUIUDPHVKHDUZDOOV LWKDV
EHHQVKRZQWKDWLIRQHZRUNVRQWKHEDVLVRIH[SHULPHQWDOO\HVWDEOLVKHGVWLIIQHVVYDOXHVIRUWKHVKHDWKLQJWRIUDPLQJ
MRLQWVWKHH[SHULPHQWDOO\PHDVXUHGKRUL]RQWDOGHIRUPDWLRQVRIWKHWLPEHUIUDPHVKHDUZDOODUHXQGHUHVWLPDWHG>@
7KLVLVSUREDEO\GXHWRYDULRXVLPSHUIHFWLRQVVXFKDVJDSVDWWKHWUDLOLQJVWXGDQGXSOLIWRIWKHOHDGLQJVWXGZKLFK
FRUUHVSRQGVWRWKHIDFWWKDWWKHVWLIIQHVV¶VRIWKHVHVWXGWRUDLOMRLQWVDUHRYHUUDWHG,QDFWXDOFRQVWUXFWLRQVKRZHYHU
WKHUHDUHRIWHQRWKHUIDFWRUVZLWKEHQHILFLDOHIIHFWV'HIRUPDWLRQVLQVWXGWRUDLOMRLQWVVXEMHFWHGWRFRPSUHVVLYHIRUFHV
VXFKDVEHWZHHQWKHWUDLOLQJVWXGDQGWKHERWWRPUDLOXVXDOO\FRQVLVWRIWKUHHSDUWV6HWWOHPHQWVLQWKHVWXGWRUDLO
MRLQWGXHWRJDSVDQGRUEHFDXVHRIWKHFXSSLQJRUWKHVNHZVKDSHRIWKHERWWRPUDLOOLQHDUHODVWLFFRPSUHVVLRQRI
WKHERWWRPUDLODQGSODVWLFFRPSUHVVLRQRIWKHERWWRPUDLO3RLQWGRHVQRWDSSO\LQWKHVHUYLFHDELOLW\OLPLWVWDWH
:KHQ FDOFXODWLQJ WKH WRWDO KRUL]RQWDO GHIRUPDWLRQ RI WKH WLPEHU IUDPH VKHDU ZDOO WKH LQIOXHQFH RI WKHVH
LPSHUIHFWLRQVFDQEHQHJOHFWHGLQSUDFWLFH
3.3. Calculation of horizontal deformations 
3.3.1. Fully anchored sheathed timber frame shear walls 
)RUIXOO\DQFKRUHGZDOOSDQHOVWKHKRUL]RQWDOGLVSODFHPHQWRIWKHIUDPHZRUNEHFDXVHRIWKHGHIRUPDWLRQVLQWKH
MRLQWVFDQEHFDOFXODWHGXVLQJWKHHODVWLFPHWKRG6HHIRUH[DPSOH>@7KHVOLSPRGXOXVkLVIRXQGLQ(XURFRGH
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,IWKHZDOOFRQVLVWVRIVHYHUDOVHJPHQWVnHYHU\VKHHWFDQEHDVVXPHGWRURWDWHLQGHSHQGHQWO\RIRWKHUVKHHWVLH
QRFRQWDFWSUHVVXUHLVDVVXPHGWRRFFXUEHWZHHQWKHDGMDFHQWVKHHWVDQDVVXPSWLRQRQWKHVDIHVLGH7KHORDGRQ
HDFKVHJPHQWLVWKHQVHWWRHn
3.3.2. Partially anchored sheathed timber frame shear walls 
)RUSDUWLDOO\DQFKRUHGVWXGWRUDLOMRLQWVLQWLPEHUIUDPHVKHDUZDOOVWKHUHDUHQRW\HWDQ\WKHRUHWLFDOH[SUHVVLRQV
IRU WKHKRUL]RQWDO GLVSODFHPHQW RI WKH IUDPHZRUN HYHQ LI WKH VHUYLFHDELOLW\ OLPLW VWDWH LV FKDUDFWHULVHGE\ HODVWLF
GHIRUPDWLRQV$WSUHVHQWLWLVUHFRPPHQGHGWKDWWKHFDOFXODWLRQEHFDUULHGRXWLQWKHVDPHZD\DVIRUIXOO\DQFKRUHG
WLPEHUIUDPHVKHDUZDOOV
3.3.3. Deformation calculations 
7KHKRUL]RQWDOGLVSODFHPHQWRIWKHWRSUDLOLQDVLQJOHVWRUH\WLPEHUIUDPHVKHDUZDOOZLWKDKHLJKWZLGWKUDWLRRI
hb FDQURXJKO\EHFDOFXODWHGDV
 
s H H h
u
b k Gbt
    
ZKHUHsLVWKHGLVWDQFHEHWZHHQWKHIDVWHQHUVDORQJWKHSHULPHWHURIWKHSDQHObLVWKHZLGWKRIWKHZDOOVHJPHQWk
WKHVOLSPRGXOXVRIWKHIDVWHQHUHWKHKRUL]RQWDOORDGSHUZDOOVHJPHQWLQWKHVHUYLFHDELOLW\OLPLWVWDWHhWKHKHLJKW
RIWKHZDOOGWKHVKHDUPRGXOXVRIWKHSDQHODQGtWKHWKLFNQHVVRIWKHSDQHO7KHVOLSPRGXOXVLVJLYHQLQ(XURFRGH
VHFWLRQ>@
,QFRQMXQFWLRQZLWKWKH6ZHGLVKORDGFRPELQDWLRQFRQFHUQLQJSHUPDQHQWGDPDJHWKHZLQGORDGDPRXQWVWR
RIWKHZLQGORDGDSSOLHGLQWKHXOWLPDWHOLPLWVWDWH6LQFHWKHVOLSPRGXOXVQRUPDOO\UHSUHVHQWVDORDGOHYHORI
RIWKHPD[LPXPORDGLWPD\EHPRUHUHOHYDQWWRXVHDVRPHZKDWORZHUVOLSPRGXOXVIRUWKHORDGFRPELQDWLRQLQ
TXHVWLRQ)RUFDOFXODWLRQVLQXOWLPDWHOLPLWVWDWHDVOLSPRGXOXVRIRIWKDWIRUWKHVHUYLFHDELOLW\OLPLWVWDWHLVXVXDOO\
XVHGDQGWKDWYDOXHPD\EHUHDVRQDEOHWRDSSO\IRUWKLVORDGFRPELQDWLRQDVZHOO
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQN7HFK/LF6WXUHcNHUOXQGIRUPHU/XQG,QVWLWXWHRI7HFKQRORJ\IRUKLVYDOXDEOH
FRQWULEXWLRQV
7KH\DOVRZRXOGOLNHWRJLYHWKHLUVLQFHUHWKDQNVIRUWKHILQDQFLDOVXSSRUWIURPWKH&RXQW\$GPLQLVWUDWLYH%RDUG
LQ1RUUERWWHQWKH5HJLRQDO&RXQFLORI9lVWHUERWWHQDQGWKH(XURSHDQ8QLRQ(XURSHDQ5HJLRQDO'HYHORSPHQW)XQG
±5HJLRQDO6WUXFWXUDO)XQGDQG,QWHUUHJLRQDO3URJUDPPHV
$SSHQGL[$&RPSDULVRQEHWZHHQGHVLJQLQVHUYLFHDELOLW\DQGXOWLPDWHOLPLWVWDWHV
$GHVFULSWLRQRIWKHORDGLQJFRQGLWLRQVLQWKHVHUYLFHDELOLW\OLPLWVWDWHLVQRWJLYHQKHUH7KHUHDGHULVUHIHUUHGWR
WKH(XURFRGHV%XWIRULOOXVWUDWLRQZHZLOOGLVFXVVWZRSULQFLSOHEXWUHDOLVWLFORDGVLWXDWLRQVRQHUHIHUULQJWRSHUPDQHQW
GDPDJHDQGRQHWRWHPSRUDOLQFRQYHQLHQFHFIWKH6ZHGLVKFRGH%.5>@)RUSHUPDQHQWGDPDJHWKHORDGLV
VHWWRQNDQGIRUWHPSRUDOLQFRQYHQLHQFHWRQN7KHFRUUHVSRQGLQJYDOXHLQWKHXOWLPDWHOLPLWVWDWHLVVHWWR
QN7KHUHLVWKXVRQO\DGLIIHUHQFHEHWZHHQWKHSHUPDQHQWGDPDJHORDGDQGWKHXOWLPDWHOLPLWVWDWHORDG
+HUHZHZLOOPDNHDFRPSDULVRQEHWZHHQWKHGHVLJQLQVHUYLFHDELOLW\DQGXOWLPDWHOLPLWVWDWHV
$VVXPHDZLQGORDGWRQO\7KHQLQWKHXOWLPDWHOLPLWVWDWHWKHKRUL]RQWDOORDGVHWHTXDOWRWKHZLQGORDGLHH
 WZLOOEHDSSOLHGDQGLQWKHVHUYLFHDELOLW\OLPLWVWDWHH WIRUSHUPDQHQWGDPDJHDQGH WIRU
WHPSRUDOLQFRQYHQLHQFH,QWKHVHUYLFHDELOLW\OLPLWVWDWHWKHKRUL]RQWDOGLVSODFHPHQWVuDUHDVVXPHGWREHOLPLWHGWR
uOLPLW h
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ZKHUHWKHVKHDUVWUHQJWKRIWKHIDVWHQHUDVVXPHGWKHVDPHIRUERWKHODVWLFDQGSODVWLFFRQGLWLRQVLVfY FYs fS 
FSs N1PWKHH[SUHVVLRQVUHSUHVHQWWKHPRPHQWRILQHUWLDRIWKHIDVWHQHUVWKHVWLIIQHVVRIWKHIDVWHQHUVLVk 
N1PWKHVKHDUPRGXOXVRIWKHVKHDWKLQJLVG 03DDQGLWVWKLFNQHVVt PP7KLVJLYHVWKHPD[LPXP
KRUL]RQWDO IRUFH DVHHODVW    fY   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 fS   N1
UHVSHFWLYHO\DQGWKHKRUL]RQWDOGLVSODFHPHQWDVuIUDPHHODVW 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A.1. Ultimate limit state 
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WSODVWORZHU N1DQGWSODVWXSSHU N1UHVSHFWLYHO\
A.2. Serviceability limit state 
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